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(57) ABSTRACT

A rotor for a dynamo-electric machine includes a rotor coil,
a first pole core body disposed so as to cover the rotor coil
formed with a plurality of first claw-shaped magnetic poles
evenly spaced around a circumferential portion thereof
being magnetized by magnetic flux, a second pole core body
disposed facing the first pole core body having second
claw-shaped magnetic poles spaced so as to intermesh
between the first claw-shaped magnetic poles, a first mag-
netic body secured to the first pole core body which 1is
magnetized m directions which reduce magnetic flux leak-
age with the second claw-shaped magnetic poles at each side
surface of the first claw-shaped magnetic poles, and a second
magnetic body secured to the second pole core body facing
the first magnetic body across an air gap which 1s magne-
tized 1n directions which reduce magnetic flux leakage with
the first claw-shaped magnetic poles at each side surface of
the second claw-shaped magnetic poles.

6 Claims, 11 Drawing Sheets
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ROTOR FOR DYNAMO-ELECTRIC
MACHINE AND METHOD FOR
MAGNETIZING MAGNETIC BODIES
THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a rotor for a dynamo-
clectric machine including magnetic bodies disposed
between adjacent claw-shaped magnetic poles for minimiz-
ing magnetic flux leakage between the claw-shaped mag-

netic poles, and to a method for magnetizing the magnetic
bodies.

2. Description of the Related Art

FIG. 9 1s a cross-section of a conventional automotive
alternator, FIG. 10 1s a perspective of the rotor in FIG. 9, and
FIG. 11 1s an exploded view of the rotor 1n FIG. 10. This
automotive alternator includes: a case 3 comprising an
aluminum front bracket 1 and an aluminum rear bracket 2;
a shaft 6 disposed 1n the case 3 to one end of which a pulley
4 1s secured; a Lundell-type rotor 7 secured to the shaft 6;
fans 5 secured to both ends of the rotor 7; a stator 8 secured
to the mner wall of the case 3; slip rings 9 secured to the
other end of the shaft 6 for supplying electric current to the
rotor 7; a pair of brushes 10 moving 1n contact with the slip
rings 9; a brush holder 11 accommodating the brushes 10; a
rectifier 12 1n electrical contact with the stator 8 for con-
verting an alternating current generated in the stator 8 to a
direct current; a heat sink 17 fitted over the brush holder 11;
and a regulator 18 attached to the heat sink with adhesive for
adjusting the magnitude of the alternating current generated
in the stator 8.

The rotor 7 includes: a rotor coil 13 having wire 31 wound
onto a bobbin 30 for generating magnetic flux by passing an
clectric current through the wire 31; and a pole core 14
disposed so as to cover the rotor coil 13 1n which magnetic
poles are produced by the magnetic flux generated by the
rotor coil 13. The pole core 14 includes a first pole core body
21 and a second pole core body 22 which mutually inter-
mesh. The first pole core body 21 1s formed with a plurality
of first claw-shaped magnetic poles 23 evenly spaced around
a circumierential portion thereof. Like the first pole core
body 21, the second pole core body 22 1s made of 1ron and
1s formed with a plurality of second claw-shaped magnetic
poles 24 evenly spaced around a circumferential portion
thereof. A magnetic body 33 magnetized 1n directions which
reduce magnetic flux leakage between the claw-shaped
magnetic poles 23, 24 1s inserted between the mutually
intermeshing first claw-shaped magnetic poles 23 and sec-
ond claw-shaped magnetic poles 24. The magnetic body 33
1s shaped so as to wind 1n a zigzag circumierentially, and 1s
composed of plastic magnets.

The stator 8 includes: a stator core 15; and a stator coil 16
composed of wire wound 1nto the stator core 15 1n which an
alternating current is generated by changes in the magnetic
flux arising in the rotor coil 13 as the rotor 7 rotates.

In an automotive alternator of the above construction, a
current is supplied from a battery (not shown) via the
brushes 10 and the slip rings 9 to the rotor coil 13, generating,
magnetic flux, and the first claw-shaped magnetic poles 23
in the first pole core body 21 are magnetized with a
north-seeking (N.) pole, and the second claw-shaped mag-
netic poles 24 1n the second pole core body 22 are magne-
tized with a south-seeking (S.) pole. At the same time,
because the pulley 4 1s driven by the engine and the rotor 7
1s rotated by the shaft 6, a rotating magnetic field 1s imparted
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to the stator coil 16 and electromotive force arises 1n the
stator coil 16. This alternating-current electromotive force 1s
converted to a direct current by means of the rectifier 12, its
magnitude 1s regulated by the regulator 18, and the battery
1s recharged.

In a conventional rotor 7 for an automotive alternator,
because centrifugal force acts on the first and second claw-
shaped magnetic poles 23, 24 as the rotor 7 rotates making
the first and second claw-shaped magnetic poles 23, 24
vibrate 1n the direction of arrow A m FIG. 12, one problem
has been that there 1s a risk that the magnetic body 33 will
be damaged 1 places where the tips of the claw-shaped
magnetic poles collide therewith, and damage actually
occurs when the rotational frequency of the rotor 7 1is
approximately 10000 to 15000 rpm, for example.

In order to prevent such damage to the magnetic body 33,
the magnetic body can be secured to the first pole core body
21 and the second pole core body 22 with adhesive, but even
then, one problem has been that the magnetic body 33 is
simultaneously subjected to loads of different magnitude and
direction from each of the claw-shaped magnetic poles 23,
24 during rotation of the rotor 7 and there 1s still a risk that
the magnetic body 33 will be damaged.

SUMMARY OF THE INVENTION

The present invention aims to solve the above problems
and an object of the present invention is to provide a rotor
for a dynamo-electric machine 1n which damage to the
magnetic body 1s less likely even during high-speed rotation,
improving tolerance to high speed.

Furthermore, another object of the present invention 1s to
provide a method for magnetizing the magnetic body so that
the magnetic body 1s magnetized to a high residual flux
density.

To this end, according to the present invention, there 1s
provided a rotor for a dynamo-electric machine comprising:
a rotor coil comprising wire wound onto a bobbin for
ogenerating magnetic flux by passing an electric current
through the wire; a first pole core body disposed so as to
cover the rotor coil formed with a plurality of first claw-
shaped magnetic poles evenly spaced around a circumier-
ential portion thereof being magnetized by the magnetic
flux; a second pole core body disposed facing the first pole
core body having second claw-shaped magnetic poles
spaced so as to intermesh between the first claw-shaped
magnetic poles; a first magnetic body secured to the first
pole core body being magnetized 1n directions reducing
magnetic flux leakage with the second claw-shaped mag-
netic poles at each side surface of the first claw-shaped
magnetic poles; and a second magnetic body secured to the
second pole core body facing the first magnetic body across
an air gap being magnetized 1n directions reducing magnetic
flux leakage with the first claw-shaped magnetic poles at
cach side surface of the second claw-shaped magnetic poles.

According to another aspect of the present invention,
there 1s provided a method for magnetizing magnetic bodies
of a rotor for a dynamo-electric machine wherein a mag-
netically permeable member 1s inserted into the air gap
between the first magnetic body and the second magnetic
body when the first magnetic body and the second magnetic
body are magnetized by passing a current through a mag-
netizing yoke.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective of a rotor of an automotive
alternator according to Embodiment 1 of the present inven-
tion;
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FIG. 2 1s an exploded front elevation of the rotor in FIG.
1,

FIG. 3 1s a perspective of a rotor of an automotive
alternator according to Embodiment 2 of the present inven-
tion;

FIG. 4 1s an exploded front elevation of the rotor in FIG.
3;

FIG. 5 1s a perspective of a connecting member from FIG.
3;

FIG. 6 1s a developed projection of the connecting mem-
ber 1n FIG. §;

FIG. 7 1s a perspective of a rotor of an automotive
alternator according to Embodiment 3 of the present mven-
tion;

FIG. 8 1s exploded front elevation of the rotor in FIG. 7;

FIG. 9 1s a cross-section of a conventional automotive
alternator;

FIG. 10 1s a perspective of the rotor 1n FIG. 9;

FIG. 11 1s an exploded front elevation of the rotor in FIG.
10; and

FIG. 12 1s a front elevation of a pole core body from FIG.
9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The rotor for an automotive alternator according to the
present invention will now be explained, and parts and
portions the same as or corresponding to those 1n FIGS. 9 to
11 will be given the same numbering.

Embodiment 1

FIG. 1 1s a perspective of a rotor of an automotive
alternator according to Embodiment 1 of the present
invention, and FIG. 2 1s an exploded front elevation of the
rotor 1n FIG. 1.

A rotor 50 includes: a rotor coil 13 having wire 31 wound
onto a bobbin 30 for generating magnetic flux by passing an
clectric current through the wire 31; and a pole core 14
disposed so as to cover the rotor coil 13 1n which magnetic
poles are produced by the magnetic flux generated by the
rotor coil 13. The pole core 14 includes a first pole core body
21 and a second pole core body 22 which mutually inter-
mesh. The first pole core body 21 1s formed with a plurality
of first claw-shaped magnetic poles 23 evenly spaced around
a circumierential portion thereof. Like the first pole core
body 21, the second pole core body 22 1s made of 1ron and
1s formed with a plurality of second claw-shaped magnetic
poles 24 evenly spaced around a circumferential portion
thereof.

In the first pole core body 21, a first magnetic body 51
magnetized 1n directions which reduce magnetic flux leak-
age with the second claw-shaped magnetic poles 24 1s
secured with adhesive to the sides of each of the first
claw-shaped magnetic poles 23. In the second pole core
body 22, a second magnetic body 53 magnetized 1n direc-
tions which reduce magnetic flux leakage with the first
claw-shaped magnetic poles 23 1s secured with adhesive to
the sides of each of the second claw-shaped magnetic poles
24, facing the first magnetic body 51 across an air gap 52.

The first magnetic body 51 and the second magnetic body
53 are shaped so as to wind 1n a zigzag circumierentially,
and are composed of plastic magnets.

The first magnetic body 51 and the second magnetic body
53, which are composed of magnetic powder mixed into
plastic, are magnetized according to the following proce-
dure.
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First, an iron member (not shown) being a magnetically
permeable member 1s 1nserted into the air gap between the
first magnetic body 51 and the second magnetic body 53.
Next, the first magnetic body 51 and the second magnetic
body 53 are magnetized by placing the rotor 50 1n this state
inside a cylindrical magnetizing yoke (not shown) and
instantaneously passing a current of, say, 3000 A at 3000 V
through the yoke.

In this embodiment, because the 1ron member 1s 1nserted
in the air gap 52 between the first magnetic body 51 and the
second magnetic body 53 during magnetization when the
first magnetic body 51 and the second magnetic body 53 are
being magnetized by forming an intense magnetic field
inside the yoke, the first magnetic body 51 and the second
magnetic body 53 are magnetized to a high flux density.

In an automotive alternator of the above construction, a
current is supplied from a battery (not shown) via the
brushes 10 and the slip rings 9 to the rotor coil 13, generating
magnetic flux, and the first claw-shaped magnetic poles 23
in the first pole core body 21 are magnetized with a
north-seeking (N.) pole, and the second claw-shaped mag-
netic poles 24 1n the second pole core body 22 are magne-
tized with a south-seeking (S.) pole. At the same time,
because the pulley 4 1s driven by the engine and the rotor 7
1s rotated by the shaft 6, a rotating magnetic field 1s imparted
to the stator coil 16 and electromotive force arises 1n the
stator coil 16. This alternating-current electromotive force 1s
converted to a direct current by means of the rectifier 12, its
magnitude 1s regulated by the regulator 18, and the battery
1s recharged.

As the rotor 50 rotates, centrifugal force acts on the first
claw-shaped magnetic poles 23 and the second claw-shaped
magnetic poles 24 giving rise to vibrations in the direction
of A1n FIG. 12. At this time, because the first magnetic body
51 1s secured to the first claw-shaped magnetic poles 23 and
the second magnetic body 53 1s secured to the second
claw-shaped magnetic poles 24, the first magnetic body 51
and the second magnetic body 33 vibrate together with the
first claw-shaped magnetic poles 23 and the second claw-
shaped magnetic poles 24, respectively, and the first mag-
netic body 51 and the second magnetic body 53 cannot be
damaged by collisions with the tips of the claw-shaped
magnetic poles 23, 24.

Moreover, the above first magnetic body 51 and second
magnetic body 53 are integrated at the roots and tips of the
claw-shaped magnetic poles 23, 24, but they may be inte-
orated by bridging intermediate portions of the claw-shaped
magnetic poles 23, 24 with connecting parts, for example.
Embodiment 2

FIG. 3 1s a perspective of a rotor 60 of an automotive
alternator according to Embodiment 2 of the present
invention, FIG. 4 1s an exploded front elevation of the rotor
60 in FIG. 3, FIG. 5 1s a perspective of a connecting member
61 from FIG. 3, and FIG. 6 1s a developed projection of the
connecting member 61 1n FIG. 5.

In this embodiment, a first magnetic body 61 and a second
magnetic body 63 each include a connecting member 61 and
magnets 67. Each connecting member 61 includes an annu-
lar portion 64, trapezoid portions 65 positioned between the
rotor coil 31 and the claw-shaped magnetic poles 23, 24 bent
over from outer circumierential portions of the annular
portion 64, and magnet housing portions 66 formed by
bending both oblique edges of each of the trapezoid portions
65 into box-shaped cross-sections. In the magnet housing
portions 66 of the first magnetic body 61, the north-seeking
sides of the magnets 67 face the north-seeking first claw-
shaped magnetic poles 23, and i1n the magnet housing
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portions 66 of the second magnetic body 63, the south-
secking sides of the magnets 67 face the south-seeking
second claw-shaped magnetic poles 24.

The above connecting members 61 are simply formed by
bending aluminum plate into the shape shown 1 FIG. 6 by
a pressing process.

Embodiment 3

FIG. 7 1s a perspective of a rotor 70 of an automotive
alternator according to Embodiment 3 of the present
invention, FIG. 8 1s exploded front elevation of the rotor 70
in FIG. 7.

In Embodiment 3, connecting portions 71 include trap-
ezoid portions 73 positioned between the rotor coil 13 and
the claw-shaped magnetic poles 23, 24 connected to flanges
72 of the bobbin 30, and magnet housing portions 74 for
housing magnets 67 formed by bending both oblique edges
of each of the trapezoid portions 73 1nto box-shaped cross-
sections.

Moreover, each of the above embodiments 1s explained
using a rotor of an automotive alternator as an example of a
rotor of a dynamo-electric machine, but, of course, the
present mnvention can also be applied to a rotor of an electric
motor, for example.

As explamned above, the rotor for a dynamo-electric
machine according to one aspect of the present mvention
comprises: a rotor coil including wire wound onto a bobbin
for generating magnetic flux by passing an electric current
through said wire; a first pole core body disposed so as to
cover said rotor coil formed with a plurality of first claw-
shaped magnetic poles evenly spaced around a circumfer-
ential portion thereof being magnetized by the magnetic
flux; a second pole core body disposed facing the first pole
core body having second claw-shaped magnetic poles
spaced so as to intermesh between the first claw-shaped
magnetic poles; a first magnetic body secured to the first
pole core body being magnetized 1n directions reducing,
magnetic flux leakage with the second claw-shaped mag-
netic poles at each side surface of the first claw-shaped
magnetic poles; and a second magnetic body secured to the
second pole core body facing the first magnetic body across
an air gap being magnetized 1n directions reducing magnetic
flux leakage with the first claw-shaped magnetic poles at
cach side surface of the second clawshaped magnetic poles.
Theretore, the first magnetic body vibrates together with the
first claw-shaped magnetic poles, and the second magnetic
body wvibrates together with the second claw-shaped mag-
netic poles, improving tolerance to high speed by eliminat-
ing the risk that the first magnetic body or the second
magnetic body will be damaged by collisions with the tips
of the claw-shaped magnetic poles.

According to one form of the rotor for a dynamo-electric
machine, the first magnetic body and the second magnetic
body may be shaped so as to wind 1n a zigzag circumfier-
entially and compose of plastic magnets. Therefore, the first
magnetic body and the second magnetic body can be simply
prepared by 1njection molding.

According to another form of the rotor for a dynamo-
clectric machine, the first magnetic body and the second
magnetic body each may comprise: a connecting member
including an annular portion, trapezoid portions positioned
between the rotor coil and the claw-shaped magnetic poles
bent over from outer circumierential portions of the annular
portion, and magnet housing portions formed by bending,
both oblique edges of each of the trapezoid portions 1nto
box-shaped cross-sections; and magnets housed 1n the mag-
net housing portions. Therefore, the first magnetic body and
the second magnetic body can be simply prepared.

10

15

20

25

30

35

40

45

50

55

60

65

6

According to still another form of the rotor for a dynamo-
clectric machine, the connecting member may be formed
from aluminum plate. Therefore, the connecting members
can be simply prepared and the overall weight can be
reduced.

According to another form of the rotor for a dynamo-
clectric machine, the first magnetic body and the second
magnetic body each may comprise: connecting member
including trapezoid portions positioned between the rotor
coll and the claw-shaped magnetic poles connected to
flanges of the bobbin, and magnet housing portions formed
by bending both oblique edges of each of the trapezoid
portions 1nto box-shaped cross-sections; and magnets
housed 1n the magnet housing portions. Therefore, 1t 1s
possible to form the connecting members simultaneously
from the same material as the bobbin when the bobbin i1s
formed, simplifying the manufacturing process.

The method for magnetizing the first and second magnetic
bodies of a rotor for a dynamo-electric machine according to
another aspect of the present invention wherein a magneti-
cally permeable member 1s 1nserted into the air gap between
the first magnetic body and the second magnetic body when
the first magnetic body and the second magnetic body are
magnetized by passing a current through a magnetizing
yoke. Therefore, the first magnetic body and the second
magnetic body can be magnetized to a high flux density.

What 1s claimed 1s:

1. A rotor for a dynamo-electric machine comprising;:

a rotor coil comprising wire wound onto a bobbin for
generating magnetic flux by passing an electric current
through said wire;

a first pole core body disposed so as to cover said rotor
coll formed with a plurality of first claw-shaped mag-
netic poles evenly spaced around a circumferential
portion thereof being magnetized by said magnetic
flux;

a second pole core body disposed facing said first pole
core body having second claw-shaped magnetic poles
spaced so as to intermesh between said first claw-
shaped magnetic poles;

a first magnetic body secured to only said first pole core
body of said first and second pole core bodies, the first
magnetic body being magnetized 1n directions reducing
magnetic flux leakage with said second claw-shaped
magnetic poles at each side surface of said first claw-
shaped magnetic poles; and

a second magnetic body secured to only said second pole
core body of said first and second pole core bodies,
wherein the first and second magnetic bodies are sepa-
rated by an air gap and the second magnetic body 1s
magnetized 1n directions reducing magnetic flux leak-
age with said first claw-shaped magnetic poles at each
side surface of said second claw-shaped magnetic
poles, wherein said air gap extends substantially along
the entire length of the first and second claw-shaped
magnetic poles of said first and second pole core
bodies.

2. The rotor for a dynamo-electric machine according to
claim 1, wherein said first magnetic body and said second
magnetic body are shaped so as to circumierentially sur-
round said rotor coil 1n a zigzag pattern and comprise plastic
magnets.

3. The rotor for a dynamo-electric machine according to
claim 1, wherein said first magnetic body and said second
magnetic body each comprise:

a connecting member comprising an annular portion,
trapezoid portions positioned between said rotor coil
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and said claw-shaped magnetic poles, wherein the
trapezoid portions are bent over from outer circumier-
ential portions of said annular portion, and magnet
housing portions formed by bending both oblique
cdges of each of said trapezoid portions into box-
shaped cross-sections; and

magnets housed 1n said magnet housing portions.

4. The rotor for a dynamo-electric machine according to
claim 3 wherein said connecting member 1s formed from
aluminum plate.

5. The rotor for a dynamo-electric machine according to
claim 1, wherein said first magnetic body and said second
magnetic body each comprise:

connecting member comprising trapezoid portions posi-
tioned between said rotor coil and said claw-shaped
magnetic poles connected to flanges of said bobbin, and
magnet housing portions formed by bending both
oblique edges of each of said trapezoid portions into
box-shaped cross-sections; and

magnets housed 1n said magnet housing portions.
6. A method for magnetizing magnetic bodies of a rotor
for a dynamo-electric machine comprising a rotor coil, a first
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pole core body disposed so as to cover said rotor coil and
having a plurality of first claw-shaped magnetic poles, a
second pole core body disposed facing said first pole core
body and having a plurality of second claw-shaped magnetic
poles, a first magnetic body secured to only said first pole
core body of said first and second pole core bodies, and a
second magnetic body secured to only said second pole core
body of said first and second pole core bodies, said first and
second magnetic bodies being separated by an air gap, the
second magnetic bosy being magnetized in directions reduc-
ing magnetic flux leakage with said first claw-shaped mag-
netic poles at each side surface of said second claw-shaped
magnetic poles, the method comprising magnetizing the first
magnetic body and the second magnetic body by inserting a
magnetically permeable member 1nto said air gap between
said first magnetic body and said second magnetic body
when said first magnetic body and said second magnetic
body are magnetized by passing a current through a mag-
netizing yoke, wherein said air gap extends substantially
along the enfire length of the first and second claw-shapes
magnetic poles of said first and second pole core bodies.
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